1. When a few isolated features are viewed foveally, changes in the binocular disparity of one introduces apparent depth changes in others. For features a very few minutes of arc apart, the effect is equivalent to a pooling of their disparity signals, even though the features are seen distinctly as separate. When the distance between them is 4-6 minutes of arc or more, the effect is in the opposite direction: the features act as if they repelled each other in depth.
INTRODUCTION
When analysing the mechanism of stereoscopic depth perception it is helpful to distinguish between the relevant variable in the physical stimulus, the binocular parallax between two targets shown at different distances from the observer, and the correlated perceptual variable, which is appropriately referred to as apparent depth, or depth for short. To measure stereoscopic acuity one finds the minimum disparity needed for a just detectable depth difference. The problem of apparent depth in configurations seen with suprathreshold disparities is more involved. A recent study in this area (Mitchison & Westheimer, 1984) has highlighted the role played by local interaction when adjoining features carry different disparity signals. An example of this phenomenon was described by Jaensch (1911) . Three vertical lines are equidistant from the observer at the outset. If one of the outer lines is now moved away from the observer, the other outer line appears also to have receded, though its disparity remained in fact unchanged. Another example of such interaction is the description of a depth version of the Craik-O'Brien-Cornsweet illusion by Anstis, Howard & Rogers (1978) . In the end, quite simple effects, such as the reduction of stereoscopic acuity with target crowding (Westheimer & McKee, 1980) , and quite complex ones, such as the resolution of ambiguity in random dot stereograms (Julesz, 1971; Marr & Poggio, 1976) , can probably have their roots traced to an interdependence of the depth values assigned to individual features in complex configurations as they are being elaborated from the discerned disparities.
The research reported here has its origin in several observations in the Mitchison & Westheimer (1984) study. A variety of findings, like the one by Jaensch (1911) just quoted, led to the formulation of the concept of salience, according to which objects appear at equal distances from an observer if for each of them the summed disparities with respect to their neighbours, suitably weighted, are equal. Salience calculations can successfully account for quite surprising non-veridical (Nelson, 1975; Marr & Poggio, 1976 of about 300 responses. There was never any error feed-back. When enough responses, at least 300 and often 600 or more, had been collected for a particular set of parameters a psychometric curve was fitted to them by means of the probit technique, yielding a mean and a slope, each with an estimate of the standard error. The mean identified that particular position on the psychometric curve for which the responses were equally divided between 'test target seen in front' and 'test target seen behind', and it can therefore be regarded as the estimate of the disparity of the test target needed for it to appear aligned in depth with the comparison targets. The slope of the psychometric curve provided a conventional estimate of the stereoscopic acuity in the particular observational setting. Except where specific attention is drawn to them, disparity thresholds were normal for the observer. The conclusions in this paper are based on differences between the means conditions are analysed separately. The two curves are displaced relative to each other; the mean, i.e. the disparity value at which the test line appears coplanar with its companions, is further in the uncrossed direction for flanks with crossed than with uncrossed disparity. The difference between the means of the two psychometric functions is a measure of the dis~parity-inducing effects of the flanks. In this case it is 10-3 seconds of arc with a standard error of 1@64 seconds of arc for a total difference between flank positions of 100 seconds of arc, and the shift is in the opposite direction (means shifted in the crossed direction when the flanks shift in the uncrossed direction); hence the value for the induction coefficient of -08103 +0-016. In the current study, which is a generalization of experiment 5(c) of Mitchison & Westheimer (1984) , this was done by providing a depth plane for the observer as a criterion. In the basic experiment, which was varied only in minor details throughout this study, a pair of lines a certain base distance apart was always shown with zero disparity. A third line, the test feature, was shown in the middle and its disparity was varied from presentation to presentation in a random manner. The observer had to judge whether the test line appeared to be in front of or behind the depth plane defined by the outer lines. The criterion of coplanarity of this triplet was thus substituted for that of fronto-parallelism, insulating this particular experimental arrangement from some of the problems encountered in the earlier research. So far the procedure does not differ from a routine method of measuring stereoacuity by the method of constant stimuli, yielding a mean setting and a threshold. Now some additional stimuli were introduced. In the most direct of the experiments, these were just a single line outside each of the outer members of the triplet targets (inset, Fig. 1 ). To the extent that there is depth interaction, disparities given to the additional outer target components will make the inner triplet of targets no longer appear to be coplanar, even though the disparity of its members has remained at the constant value of zero. Specifically, it was found that moving the outer flanks behind the fronto-parallel plane defined by the middle triplet induced an apparent depth in the centre member of that triplet, the test feature, which now also appeared to be behind. To give quantitative expression to this apparent depth change, the disparity necessary for it to be nulled out was measured. This was accomplished by restricting the observer's judgment to the simple question of whether during a particular presentation the test feature appeared to be in front of or behind its adjoining members of the triplet they formed. Runs with different disparities of the outer inducing flanks were interdigitated in any one series of responses, in which the test target was shown with one of seven equally spaced disparities. Data analysis of each set of responses by the probit method separately gives the 50 % point of each 622 DISPARITY INTERACTION psychometric curve, i.e. the particular disparity at which the observer splits his judgments of the relative depth of the test line evenly between 'far' and 'near'. This is precisely the measure we are seeking: the disparity of the test line needed for it to regain coplanarity with the other members of its triplet, when they in turn are flanked by outer features of given disparity. By accumulating responses to several such inducing disparities in an interleaved fashion, one gains a bias-free estimate of this induction term. Fig. 1 , where each of the psychometric curves was based on at least 300 responses. Fig. 2 shows a sample set of such data and there are others given by Mitchison & Westheimer (1984) . To illustrate just how secure the measure of the induction term thus obtained can be, the means of nine runs of 200 responses, each with a different inducing disparity of the outer flanks, are plotted and the best fitting linear regression line drawn. It yields, for this particular configuration, an induction coefficient of 0 39, meaning to say that for, say, 100 seconds of arc disparity of the outer lines, the centre test line has to be given 39 seconds of arc disparity for it to appear aligned in depth with the other members of its triplet. As was noted above, this measure has already been decoupled from any observer's bias relating to what constitutes coplanarity or what is fronto-parallel. The full stimulus pattern is always described and is thus available for analyses more sophisticated than those attempted here, e.g. interactions between features other than nearest neighbours. In what follows, the induction coefficient is used to give quantitative expression to interaction effects in the domain of disparities as a function of target separation, target orientation, and some temporal aspects of stimulus presentation.
Distance effects. The basic experimental finding relating to the spatial distribution of the interaction effect is shown in Fig. 3 Fig. 1 ) was 12 minutes of arc. The distance between each flank and its nearest neighbouring member of the triplet is plotted along the abscissa. Positive values of the coefficient indicate a pooling of depth values of visual features with that particular lateral separation; negative values imply a repulsion effect. The result for each of the five subjects is quite robust, particularly as it relates to the crossing from positive to negative coefficients; the differences of shape of the curves for these four highly practiced stereo observers is also a prominent aspect of this phenomenon.
lines 10 minutes of arc high in this instance, were 12 minutes of arc apart and the separation of each of the outer flanks from its nearest member of the triplet was varied. In this way a measure of the interaction term was obtained as a function of distance. It is seen that for long outer separations, the coefficient is negative with a gradually decreasing value with increasing distance, a result more or less consonant with the formulation of a weight inversely proportional to distance proposed by Mitchison & Westheimer (1984) . For smaller separations, however, there is a critical distance less than which the induction coefficient becomes less negative and finally, in most observers, reverses sign. In the current context, a positive induction 624 DISPARITY INTERACTION coefficient signifies that the test line has to have a disparity of the same sign as that of the inducing outer flanks for it to appear coplanar with the other members of its triplet.
Results in Fig. 3 show that this phenomenon is common to all observers. Only in observer R. Y., whose performance in stereoscopic vision is always quite superior, Separation (s) (minutes of arc) Fig. 4 . Induction coefficients for a pattern consisting of five vertical points, the middle triplet 12 minutes of arc apart. Procedure otherwise identical to the method described in Fig. 1 leading to the data in Fig. 3. does the curve not cross the zero line, although it does manifest an abrupt upward turn. It needs to be stressed that, while the distance between each outer flank and its immediate neighbouring member of the test triplet was occasionally quite small, these two features were always resolved and seen as separate for all data in this study. There were no qualitative differences for configurations with test triplet separations that were somewhat larger or smaller than the 12 minutes of arc used here and elsewhere in this study. When targets are too far apart, one runs into problems associated with retinal inhomogeneity and even inter-hemispheric connectivity; when they are too close together, i.e. less than perhaps 6 minutes of arc, there is a qualitative change in disparity processing, which cannot be better illustrated than by the findings in Fig. 3 .
Orientation. When targets in a stereoscopic experiment are arrayed horizontally, one cannot ignore the phenomenon of 'false matching', i.e. the spurious association of the right eye's image of one target with the left eye's image of another. Because the observer's two eyes are separated horizontally, this question does not arise with vertical arraying of targets. Consequently the experiment described above was repeated with five point targets lined up vertically. The middle one was the test target, whose depth had to be judged relative to its nearest neighbours, which were 12 minutes of arc above and below it and which were always shown without disparity. This triplet of points was in turn flanked vertically by an outer pair of points, whose distance and disparity was varied. Companion experimental runs were interdigitated, with both outer points having either a crossed disparity or an uncrossed disparity and being at a fixed distance from the neighbouring member of the triplet. The difference in the mean disparity of the test target, at which it appeared aligned in depth with its companions in the triplet, again constituted the disparity measurement of the depth interaction effect. It is seen in Fig. 4 The inducing flanks were a pair of points, laid out as shown in the inset. The distance along the abscissae is the separation of these flanking points from the nearest neighbouring member of the middle triplet (and also from each other). The upper graph shows the result when the seven points were all exposed synchronously for 500 ms. The induction coefficient is calculated for each point and the curve closely resembles the equivalent curve for this subject in Fig. 4 , though the duration is shorter and the flanks had only 10 seconds of arc either crossed or uncrossed disparity. The lower graph displays data in which only one condition has been changed: the flanks were not shown synchronously with the test triplet, but were only exposed for 200 ms just preceding the onset of the 500 ms test pattern. The induction coefficients for this temporal after-effect, though much smaller, follow the same spatial pattern as in the upper curve.
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not differ much from those with horizontal arraying (Fig. 3) , but when vertical and horizontal results for a given subject are compared they do not necessarily superimpose.
It was shown in Fig. 2 that with the inducing disparity as the test parameter, one can demonstrate a linear relationship between it and the disparity needed to null out the induced depth. The experiment illustrated in Fig. 5 shows that this holds for a disparity so small that it is near the observer's stereothreshold. To obtain secure measurements with such small inducing disparities, two flanking points were used and the effect calculated for each. It was gratifying to note the close concordance with the earlier data on this observer (Fig. 4) for single vertical inducing points. Duration. The experiments so far reported were carried out with exposure durations of 1 s; a few runs with a 2 s duration seemed not to differ from them. Stereoacuity suffers when the exposure is less than 100 ms. Stereoinduction, though in the current context measured by a nulling procedure utilizing threshold, does not directly depend on thresholds. Table 1 gives companion data for long and for short durations, for characteristic points in both the positive and negative induction zones. Thresholds were consistently higher in the short-duration condition, but the induction effect was maintained both in its positive and negative phases.
One experiment was devoted to the question of a possible temporal after-effect of stereoinduction. In it the induction pattern was given a brief presentation preceding the test pattern. The results (Fig. 5) make it clear first, that there is a small aftereffect, and secondly, that it is in the same direction and has a similar spatial distribution as when the whole configuration is exposed at the same time.
DISCUSSION
The interaction phenomena described here can be thought of as occurring within the domain of signals related to the stereoscopic depth attribute of individual features. In this connexion it is important to point out that even the most closely adjacent features used here are always seen as quite separate and never seem merged. Disparities were usually less than 1 minute of arc; in the range examined (e.g. Fig. 2 ) the effects seem more or less proportional to the amount of inducing disparity though, of course, this may not hold for quite large disparities. On the other hand, 627 628 G. WESTHEIMER very small, barely discernible disparities produce nicely measurable effects (Fig. 5) .
There are similarities between the data in Fig. 4 and interaction phenomena previously described. The sensitization effects (Westheimer 1965 (Westheimer , 1967 are almost certainly retinal, whereas one must assign a more central origin to binocular processing as it pertains to stereopsis. More recently we have found a centre-surround effect in the mechanism for fine localization of features in hyperacuity tasks (Badcock & Westheimer, 1985) . Its operating zones are not greatly different from those found here; the crossing over from positive to negative weighting functions occurs at a distance of about 4 minutes of arc. It is not obvious, however, that the two mechanisms depend directly one on the other, because the lateral separations on the two retinas between disparate feature pairs are so similar (their separations differ by only a fraction of a minute of arc) that it seems implausible to regard stereo DISPARITY INTERACTION interaction as a consequence of the minute lateral positional differences. Moreover, distance effects are not too dissimilar for vertical arraying of targets whose horizontal disparities interact. Thus one would be more inclined to regard the phenomena, not as one directly causing the other, but as both belonging to the class of mechanisms, widely found in sensory processing, which serve to highlight differences between adjoining stimuli.
One helpful way of viewing the data in this paper is to regard them as evidence that when there are two separate neighbouring features differing in disparity, the attributed difference in depth is reduced when they are closely adjacent, as if the disparities are somehow pooled. On the other hand, when they are more than a critical distance apart, of the order of 6 minutes of arc in the fovea of the average observer, there is a repulsion effect, enhancing the attributed difference in depth. This depth pooling for adjacent (though otherwise quite separate) features can be seen in the crowding effect in stereoacuity measurements. Several examples of this were illustrated in an earlier study (Westheimer & McKee, 1980 ) and a further one is shown in Fig. 6 . It is seen there that the improvement of stereoacuity with feature separation follows a distance function that closely parallels the course of the spatial interaction curves in Figs. 3 and 4 for these observers.
